Objective: Comorbidities are common in multiple sclerosis (MS) and adversely affect health outcomes. However, the effect of comorbidity on treatment decisions in MS remains unknown. We aimed to examine the effects of comorbidity on initiation of injectable disease-modifying therapies (DMTs) and on the choice of the initial DMT in MS.
Multiple sclerosis (MS) is a chronic disease of the CNS. 1 The emergence of disease-modifying therapies (DMTs) in the 1990s advanced MS management, as randomized clinical trials demonstrated reductions in relapse rates and disability progression over short periods. 2 Comorbidities are common in individuals with chronic diseases, including MS, 3 and adversely affect health outcomes. [4] [5] [6] [7] [8] For example, there are concerns regarding increased hepatotoxicity due to drugdrug interactions between interferon-b and lipid-lowering agents. 9 Fingolimod is associated with sudden cardiac-related death, and is contraindicated in persons with preexisting cardiac disease or stroke. 10 In other chronic diseases such as hypertension and cancer, comorbidities may affect treatment decisions and further affect disease outcomes, 5 by changing the choice of whether to start treatment and the specific choice of treatment. 11, 12 However, no studies have examined comorbidity and treatment decisions in patients with MS. We examined the effects of comorbidity on the use of DMTs in MS with respect to whether comorbidities delayed initiation of a DMT or affected the choice of the initial DMT. We hypothesized that the presence of comorbidities would reduce DMT use and influence the choice of DMT for those with MS.
METHODS Study design and data sources. We followed a common protocol to conduct this retrospective cohort study in 3 Canadian provinces (British Columbia [BC], Manitoba [MB] , and Nova Scotia [NS] ).
We used prospectively collected, linked administrative (health claims) and clinical data in each province. Details regarding administrative data used are summarized in Methods appendix e-1 on the Neurology ® Web site at Neurology.org; these databases have been used extensively previously. [13] [14] [15] Data linkage was performed at the individual level using a unique personal health number, following which the data were anonymized for analysis. Due to privacy regulations that prevent line level data from leaving the province of origin, analyses were performed in parallel at each site.
Standard protocol approvals, registrations, and patient consents. The research ethics boards at each site approved the study, while access to administrative data was approved by the relevant body within each province (BC Ministry of Health and Data Stewardship Committee, the Manitoba Health Information Privacy Committee, and the Nova Scotia Department of Health and Wellness).
MS case definition.
Using physician and hospital claims in each province, we defined MS cases as any individual with $3 codes for MS using ICD-9/10 (340/G35). This case definition has a positive predictive value of 95% (95% confidence interval [CI] 0.91-0.97). 14 Cohort entry (i.e., the index date) was defined as the first recorded MS or demyelinating disease-related claim (ICD-9/10 377.3, 323, 341.9, 341.0/H46, G37, G36.9, G36.0). 14 A 5-year run-in period was required to ensure all cases were incident, during which time residency in the province was required and no MS or demyelinating disease codes were allowed. Cases were adults ($18 years by cohort entry) with the potential incident date ranges determined by the data availability in each province (1989 in MB, 1995 in NS, and 1996 . Comorbidity status. We applied previously validated algorithms 16 to identify whether individuals ever met the case definition for an individual comorbidity (Methods appendix e-1). We used the first claim for the comorbidity as the date of diagnosis. This date was also used to determine whether a comorbidity was present or absent by the index date, and if absent, whether it developed after the index date. Once a comorbidity occurred, it was considered present for the rest of the follow-up. The comorbidities of interest included physical conditions (diabetes, hypertension, hyperlipidemia, ischemic heart disease [IHD], chronic lung disease, epilepsy) and mental conditions (anxiety, depression, bipolar disorder). These comorbidities were selected based on the availability of case definitions with adequate validity, 15, 16 their effect on other MS outcomes (e.g., disability, quality of life), and potential clinical relevance in the MS population. Comorbidity status at the index date was examined in 2 ways. First, we considered the total number of comorbidities. Because this variable did not meet the proportional hazards assumption, we included the number of comorbidities as a time-dependent continuous variable. Second, we considered the presence of individual comorbidities. Comorbidity status over the entire study period (i.e., comorbidities at the index date and incident comorbidities occurring after the index date) was examined as a time-varying variable: the total number of comorbidities listed above and the presence vs absence of each individual comorbidity at the earliest diagnostic date.
Outcome. As oral DMTs were not approved during the study period, our analysis focused on the first-line injectable DMTs. The outcome of interest was initiation of a first-line DMT, defined as $1 filled prescription of interferon-b (approved in July 1995 in Canada) or glatiramer acetate (approved in September 1997). DMT use was examined as (1) "ever vs never" and (2) choice of initial DMT (glatiramer acetate vs interferon-b).
Statistical analyses. Potential confounders, measured at the index date, included sex (male as reference group); age, grouped as 18-29 (reference group), 30-39, 40-49, and $50 years; and neighborhood-level socioeconomic status (SES) (expressed as quintiles of neighborhood income). The index year was also considered as a potential confounder. To maximize consistency of group sizes and time periods across provinces, groups were as follows: 1995/1996-1999 (reference), 2000-2004, 2005-2010/2012, and also 1989-1994 in MB. The x 2 test was used to examine the association between these potential confounders (outlined above) and each of the outcomes, and between comorbidity status and study outcome. Cox proportional hazards regression models were used to assess the influence of preexisting comorbidities (occurring on or before the index date) on the time from the index date to DMT initiation. Multivariable logistic regression models were built to examine the association between comorbidity status (grouped as 0, 1, 2, and $3 comorbidities) before the index date and the choice of initial DMT; these models included only those individuals who initiated one of the 2 injectable DMTs during follow-up and were adjusted for potential confounders (described above). Cox proportional hazards regression models were used to assess the influence of comorbidities (occurring on or after the index date) on the time from the index date to DMT initiation, with incident comorbidities occurring after the index date included as timevarying covariates. All models were adjusted for the same covariates as the logistic models.
Results from each site were pooled via a meta-analysis using random-effects models. 17 Heterogeneity between sites was estimated using the I 2 statistic. 18 Complementary analyses. To test key assumptions and to fully explore the association between comorbidity status and DMT initiation, complementary analyses were conducted. First, we used an alternative measure of comorbidity status based on the number of prescription drug classes in the year before the index date. Second, we examined the association between DMT initiation and vascular comorbidity, a variable combining diabetes, hypertension, hyperlipidemia, and IHD, given reported associations of vascular comorbidity with MS outcome. 8 Third, we repeated the analysis in a restricted cohort in each province with relapsing-onset MS for whom MSspecific clinical data were available. We applied the same analytical approach for complementary analyses as described above (Methods appendix e-1).
Statistical analyses were performed using the Statistical Package for Social Sciences (Chicago, IL), 19 1) . Results were consistent when examining cumulative comorbidities over the study period using a time-varying model (figure 1). When examining each individual comorbidity at the index date, individuals with IHD had a lower likelihood of initiating a DMT vs those without IHD at the index date (aHR 0.72; 95% CI 0.59-0.87, figure 2) . The direction and magnitude of findings were similar for anxiety (figure 2). The reduced likelihood of initiating a DMT in patients with IHD or anxiety was consistent across age groups, although with the smaller sample sizes, most findings did not reach statistical significance (figures e-1 to e-4).
Individuals with hyperlipidemia, chronic lung diseases, or bipolar disorder at the index date were also less likely to initiate a DMT, although the hazard ratios for these 3 comorbidities included 1 (figure 2). Depression at the index date was associated with a 13% relative increase in the likelihood of initiating a DMT compared to those who did not have depression (aHR 1.13; 95% CI 1.00-1.27, p 5 0.05; figure 2 ). From the timevarying multivariable Cox proportional hazards model, individual comorbidities during the study period were not associated with DMT initiation (data not shown).
Comorbidities and choice of initial DMT. Based on multivariable logistic regression models, and among the patients who initiated 1 of the 2 DMTs during follow-up, neither the number of comorbidities (figure 3) nor individual comorbidities at the index date was associated with the DMT choice (data not shown). These findings were consistent after substituting comorbidity as a continuous variable to assess a dose-response type effect (data not shown). In all models, none of the covariates was associated with the choice of initial DMT (data not shown).
Complementary analyses. When the number of prescription drug classes in the year before the index date was used instead of the number of comorbidities, the effect estimate was in the same direction, although the findings did not reach statistical significance (figures e-5 and e-6). Combined vascular comorbidity was not associated with DMT initiation. Restricting our cohort to those with MS-specific clinical data resulted in 3,686 individuals with incident relapsing-onset MS (table e-1). Findings in this subcohort were consistent with the primary analyses (figures e-7 and e-8).
DISCUSSION In this cohort study of 10,698 incident MS cases, we observed effects of comorbidities on the initiation of a DMT for MS. We found that the greater the number of comorbidities, the lower the likelihood that a DMT for MS was started. When examining individual comorbidities, IHD and anxiety were associated with a reduction in the likelihood of subsequent DMT initiation. We were unable to find previous studies that examined the association between comorbidity and DMT initiation or choice of initial DMT in MS. However, our observation that as the number of comorbidities increased, the likelihood of DMT initiation decreased, is consistent with other chronic diseases such as cancer and diabetes, in which increasing comorbidity burden delays treatment initiation. 11, [21] [22] [23] For primary care physicians and patients, multiple chronic conditions may serve as competing demands on time or act as barriers that may influence access to and decisions regarding treatment. 24, 25 In the context of our study in Canada, where DMT treatment is initiated by a specialist, this delay in treatment initiation may reflect diagnostic delays due to the presence of comorbidity, as diagnostic delays have been shown in the US-based North American Research Committee on MS registry. 7
Figure 3
Total number of comorbidities by the index date and choice of initial disease-modifying therapy received a The comorbidities of interest included diabetes, hypertension, hyperlipidemia, heart disease, chronic lung disease, epilepsy, anxiety, depression, and bipolar disorder. b Reference groups were patients with no (0) comorbidity by the index date. Models were adjusted for age, sex, year of index date, and socioeconomic status. c Results were obtained from logistic regression models. Odds ratios represent the relative odds of receiving glatiramer acetate compared to the odds of receiving interferon-b among those without comorbidities by the index date. CI 5 confidence interval.
Similar diagnostic delays in the presence of comorbidity have also been shown in rheumatoid arthritis 26 and cancer. 27 We found that IHD and anxiety were strongly associated with a decreased likelihood of initiating a DMT. Other conditions, such as hyperlipidemia, chronic lung diseases, and bipolar disorder, also exhibited similar associations, though none reached significance, possibly because a smaller number of individuals were affected. A possible reason for this association in patients with IHD, one also likely to be present for patients with hyperlipidemia and chronic lung diseases, is that they are already burdened with multidrug regimens. This greater number of concurrent drug therapies is likely to affect patients' and physicians' decisions regarding initiating another treatment. Perceived benefits of therapy may also be less when multiple chronic conditions affect health status.
Our findings regarding the negative impact of anxiety and bipolar disorder on DMT initiation are consistent with findings in other chronic diseases. 21, 28 Mental health comorbidities can impair communication between patients and clinicians, interfere with self-management and the ability to follow treatment recommendations, or amplify concerns regarding drug treatment. 29, 30 Additionally, patients with an anxiety disorder may decline treatment when offered due to needle phobia or fear of adverse effects; needle phobia has been suggested as a predictor of nonadherence or discontinuation of MS drugs in previous reports. [31] [32] [33] Thus identification of patients with preexisting anxiety is important for health professionals to provide appropriate and sufficient medical interventions. Unexpectedly, we found comorbid depression to be associated with an increased likelihood of initiating a DMT in our study, although the hazard ratio only reached marginal statistical significance. This finding contrasts with studies that have reported a decreased likelihood of treatment initiation in patients with diabetes or cancer who had comorbid depression. 21, 28 We can speculate that patients with preexisting depression may have had more active (MS) disease compared to those who did not, 34 prompting the decision to initiate DMT treatment. However, we do not know the status of depression (active, in remission) at the time treatment decisions were made and further study will be needed to explore this possible relationship. We did not find an association between presence of depression and the choice of DMT received. This is of interest given the early safety concerns regarding a possible increased risk of suicide and depression in relation to interferon-b use, [35] [36] [37] although subsequent studies had mixed findings. 38 We observed variation across provinces, highlighting the value of a multisite study and pooled analyses.
For instance, the increased likelihood of initiating a DMT associated with the presence of depression is mainly attributable to the association between depression and DMT initiation in Manitoba; hypertension was associated with an almost 50% reduced likelihood of DMT initiation in British Columbia but this was not observed in Manitoba or Nova Scotia. This apparent difference in prescribing practices across provinces may reflect the gap in knowledge regarding the effectiveness and safety of DMTs in individuals with MS and comorbid conditions as such individuals are typically excluded from clinical trials. Findings such as this highlight the need to better understand the optimal treatment approaches in patients with MS and comorbidities, and to develop an evidence base to better support clinical decision-making in this population.
Our study's strengths include that it was population-based and we identified a large study population using a validated MS case definition. However, our study also had limitations. For example, comorbidity onset could be misclassified in patients who infrequently access the health system, possibly underestimating or overestimating the impact of comorbidities on DMT use. Our case definitions for comorbidity were highly specific, but definitions for IHD and anxiety were less sensitive, 15,39 thus we have not captured all cases of each comorbidity, which might be expected to bias our findings toward the null. Individuals with MS onset late in the study period might not have had time to meet our case definition. We were unable to determine whether depression or anxiety reflected early prodromal symptoms of MS or occurred independently. However, there are no data that suggest that MS treatment decisions would differ according to the presumed etiology of an existing mood disturbance. The presence of these conditions is relevant if they delay initiation of a DMT in MS, regardless of the etiology. The mean age at MS diagnosis was higher than reported in some studies, but is comparable to that reported in other studies using similar methods. 13, 40 A later age of diagnosis may lead to a higher prevalence of comorbidity at diagnosis but would not affect the association between comorbidity and DMT initiation. Indicators of MS disease activity or comorbid condition severity were not available to us and would be of value to explore in future studies where this level of detail is available. The number of years of data available varied by province. However, all data began before the DMTs first became available in Canada and follow-up periods were substantially longer than the median time to DMT initiation. The different follow-up times would not be expected to affect our findings. Finally, a small number of patients who did not initiate DMT may not have been eligible for treatment under their provincial governments' schemes for drug reimbursement; however, we were able to confirm our main findings in subgroups where these clinical data were available. Nonetheless, our findings require replication.
This multi-province, population-based cohort study revealed that comorbidities influence the use of DMT in incident MS. As the number of current comorbidities increased, the likelihood of DMT initiation decreased. Mental comorbidities such as anxiety had a significant impact on subsequent DMT initiation. Individuals with MS and multiple comorbidities likely require more health services and more complex health management strategies. A better understanding of the effects of comorbidity on the effectiveness and safety of DMTs is needed to support clinical decisionmaking, as our findings suggest that individuals with these conditions may be treated differently with respect to access to MS-specific drug therapies in the absence of supporting evidence.
